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The present study examined to what extent proﬁciency in a non-native language inﬂuences
speech perception in noise.We explored how English proﬁciency affected native (Swedish)
and non-native (English) speech perception in four speech reception threshold (SRT)
conditions, including two energetic (stationary, ﬂuctuating noise) and two informational
(two-talker babble Swedish, two-talker babble English) maskers. Twenty-three normal-
hearing native Swedish listeners participated, age between 28 and 64 years. The
participants also performed standardized tests in English proﬁciency, non-verbal reasoning
andworkingmemory capacity. Our approachwith focus on proﬁciency and the assessment
of external as well as internal, listener-related factors allowed us to examinewhich variables
explained intra- and interindividual differences in native and non-native speech perception
performance. The main result was that in the non-native target, the level of English
proﬁciency is a decisive factor for speech intelligibility in noise. High English proﬁciency
improved performance in all four conditions when the target language was English. The
informational maskers were interfering more with perception than energetic maskers,
speciﬁcally in the non-native target. The study also conﬁrmed that the SRT’s were better
when target language was native compared to non-native.
Keywords: English proficiency, native, non-native, speech perception, informational masking, energetic masking,
working memory
INTRODUCTION
Speech comprehension in noisy conditions and in a non-native
language is a challenging process that requires full attention of
the listener. To perceive words as meaningful in such situations
involves perceptual, linguistic, and cognitive abilities as well as
knowledge of the current language. Proﬁciency in a non-native
language might even be more important when the speech sig-
nal is degraded as compared to clear speech. The relevance of
proﬁciency has been claimed in previous research (van Wijngaar-
den et al., 2002; Weiss and Dempsey, 2008; Van Engen, 2010;
Brouwer et al., 2012), although its plausible role in non-native
speech perception has not, to our knowledge, been the main focus
in relevant research so far. This study provides a new approach
by shifting the focus and by an extended design that assesses the
variables that possibly explain interindividual differences in non-
native speech perception. The general aim of the current study
is to analyze the contribution of non-native language proﬁciency
in native and non-native speech perception in different types of
interfering maskers.
Assessment of speech perception in a non-native language
entails a design that acknowledges the complexity of theperception
process by addressing both external and internal (listener-related)
factors that might inﬂuence perception. Regarding the external
factors affecting non-native speech perception, it is useful to con-
sider the different characteristics of energetic and informational
maskers (Brungart, 2001). Energetic masking refers to the spectro-
temporal overlap between the target speech and interfering
maskers such as multi-talker babble, ﬂuctuating noise, or station-
ary noise. When the masker has a ﬂuctuating amplitude, limited
parts of the target signal are audible in the dips of the masker
(Festen and Plomp, 1990; Cooke, 2006). The term “informational
masking” is used for any masking effects that are not caused by
energetic masking. This term is usually applied for meaningful
words or sentences that can be understood by the listener and
are therefore likely competing with the target signal. Accordingly,
informational maskers result in attention distraction, semantic
intrusion, and increased cognitive load (Mattys et al., 2009, 2012).
The type of masker affects the degree to which explicit processes
are required to perceive the speech (Rönnberg et al., 2010, 2013).
If the target and the masker are both in the native language,
the parallel speech signals are likely competing with each other
in a more interfering way than when a non-native or unfamil-
iar speech masker is used that might be easier to suppress (Van
Engen, 2010; Brouwer et al., 2012). Several studies have conﬁrmed
the effects of the language of the masker speech on the listeners’
recognition of the native target language (Rhebergen et al., 2005;
Garcia Lecumberri and Cooke, 2006; Van Engen and Bradlow,
2007; Calandruccio et al., 2010). The ﬁndings support the relative
release of masking when the competing speech is in an unfamiliar
or foreign language compared to maskers in the listeners’ native
www.frontiersin.org July 2014 | Volume 5 | Article 651 | 1
Kilman et al. The inﬂuence of non-native language proﬁciency
language. In the study of Van Engen and Bradlow (2007), native
English participants were better able to perceive English target
speech masked by two-talker Mandarin babble than when two-
talker English babble masked the speech. Van Engen and Bradlow
(2007) concluded that, under certain conditions, the language of
the interfering speech can affect the intelligibility of the target
speech. Brouwer et al. (2012) formalized this suggestion by for-
mulation of the“linguistic-similarity hypothesis.”This hypothesis
states that the more similar the target and the masker are, the more
difﬁcult it is to keep apart the two streams efﬁciently. Brouwer
et al. (2012) tested this hypothesis in three experiments. Native
monolingual American English participants and native Dutch-
English bilingual (i.e., highly proﬁcient in English) participants
were tested. The interfering speech consisted of two-talker babble
in English and Dutch as well as semantically anomalous two-talker
babble in English and Dutch, in each of the three experiments.
In the ﬁrst experiment, the target speech was American-English.
The monolingual American-English listeners in the experiment
had better speech perception for the unfamiliar Dutch masker
as compared to the English masker (i.e., they received a release
from masking for the non-native masker speech). In the second
experiment, again with American-English as target speech, the
native Dutch bilingual listeners received a release from masking
when the competing speech was different (Dutch) from the target
speech (English) even though the masker was in their native and
the target was in their non-native language. However, this release
from masking was smaller than that observed for the American-
English monolingual listeners. In the third experiment, another
group of Dutch bilingual (i.e., highly proﬁcient in English) listen-
ers perceived Dutch target speech. They received a release from
masking for the English as opposed to the Dutch background bab-
ble. Brouwer et al. (2012) concluded that the results support the
target-masker linguistic-similarity hypothesis, which determines
the accuracy of speech-in speech recognition.
Van Engen (2010) observed similar effects when exploring how
monolingual native English participants and bilingual speakers of
Mandarin, with English as second language, recognized English
target speech in English or Mandarin two-talker babble. Both
groups showed greater difﬁculty in English babble than in Man-
darin babble. However, the nativeMandarin-speaking participants
experienced relatively more interference from Mandarin babble
than the monolingual English participants. The large interference
from the Englishmasker on the English target suggests that the lin-
guistic similarity between the masker and the target speech made
them difﬁcult to separate. The informational masking effect of the
Mandarin babble was larger for the Mandarin speakers because
they were more proﬁcient in this language.
In termsof internal, listener-related factors affectingnon-native
speech perception, the amount of available cognitive resources is
a relevant factor. For speech perception performance in challeng-
ing conditions, working memory capacity has proven to be an
important predictor (e.g., Rönnberg et al., 2008; Kramer et al.,
2009). In fact, working memory is essential when language in
any form is perceived (Baddeley, 2003) and is the operational
ability to process, store and form conclusions about information
(Hannon and Daneman, 2001). Yet this cognitive storage and pro-
cessing capacity is limited (Baddeley, 2000) and differs between
individuals (Daneman and Carpenter, 1980; Just and Carpenter,
1992). In suboptimum conditions, working memory capacity can
be taxed for various reasons like a poor signal or unfocused atten-
tion (Shinn-Cunningham, 2008). The relative reliance on working
memory processes depends on the degree to which the qual-
ity of the auditory signal allows easy speech perception. Signal
aspects inﬂuence the ability to use stimulus-driven processes to
separate acoustic components in the surrounding area (Bregman,
1990). Knowledge-driven processes contribute to these stimulus-
driven processes in understanding speech in the presence of other
sound sources (Plomp, 2002; Rönnberg et al., 2010). For example,
knowledge-driven processes take advantage of previous knowl-
edge in the interpretation of the incoming signals (Zekveld et al.,
2011). If the reliance on knowledge-driven processes increases,
the relationship between working memory capacity and speech
perception performance becomes stronger (Zekveld et al., 2011).
Decoding a non-native language in a noisy condition probably
requires more knowledge-driven processes than native language
perception.
To allow assessment of the role of working memory in
non-native speech perception, we included the Reading Span
test as measure of working memory capacity in the current
study (Daneman and Carpenter, 1980; Rönnberg et al., 1989). The
Reading Span Test is a dual task and requires parallel seman-
tic processing and memory storage. It is frequently used and is
a robust predictor of individual performance in speech-in-noise
tasks (e.g., Foo et al., 2007; Rudner et al., 2009; Zekveld et al., 2011).
We included both a Swedish (native) and an English (non-native)
version of the test in order to assess whether the performance on
the tests would differ, and whether any difference would relate to
non-native language proﬁciency.
Besides working memory, another internal, listener-related
factor inﬂuencing speech perception is non-native language pro-
ﬁciency. Examination of the relationship between proﬁciency
and speech recognition in noise in non-native and native speech
maskers, providesmore insight into the degree towhich this ability
explains interindividual differences in perception. Many studies
have either assessed the role of language proﬁciency in an all-
or-nothing fashion by comparing monolingual versus bilingual
listeners (e.g., Brouwer et al., 2012), or applied subjective self-
rating scales to assess proﬁciency in the non-native language (van
Wijngaarden et al., 2002; Weiss and Dempsey, 2008; Broersma and
Scharenborg, 2010; Cooke et al., 2010; Brouwer et al., 2012). A dis-
advantage of using self-rating scales is that they have their own
intrinsic subjectivity and are not the most reliable measure of
proﬁciency. In the current study, we aimed to assess non-native
linguistic proﬁciency using an objective, continuous measure.
Therefore, we applied a standardized proﬁciency test that enables
us to examine the degree to which non-native language proﬁ-
ciency affects speech perception in different noise and speech
maskers.
To facilitate the detection of internal, listener-related factors
on non-native speech perception, the age-range of the partic-
ipants in the current study was relatively wide as compared
to previous studies that commonly included young students as
participants (e.g., Bradlow and Alexander, 2007; Cooke et al.,
2008; Weiss and Dempsey, 2008; Mattys et al., 2010; Van Engen,
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2010; Brouwer et al., 2012). Young, highly educated listeners
usually have relatively homogenous scores and are not repre-
sentative for the population as a whole. Including a group
more representative of the general population with regard to
age and education resulted in more between-subjects variance
on the independent and dependent variables. This provided
a better opportunity to ﬁnd relations between the variables
and increased the generalizability of the results. Note that
pure-tone hearing thresholds of the listeners were measured to
ensure that hearing acuity of all listeners was within a normal
range.
We also included Raven standard progressive matrices
(Carpenter et al., 1990) as a listener-related factor. TheRaven stan-
dard progressive matrices were included to investigate whether a
general measure of non-verbal intelligence would be associated
with speech perception in difﬁcult conditions. We examined the
relation between these variables and speech perception in noise in
Swedish and English.
For assessing the external factors that might affect interindi-
vidual differences in native and non-native speech perception, we
applied Speech Reception Threshold (SRT) tests. SRT tests pro-
vide sensitive estimates of the listeners’ ability to perceive speech
in background signals. Due to the adaptive method applied in
the test, there is no risk for ceiling or ﬂoor effects in the listen-
ers’ performance (Plomp and Mimpen, 1979). The aim of the
current study was to examine the inﬂuence of energetic and infor-
mational masking on Swedish (native) and English (non-native)
speech perception under different masker types. Four types of
maskers were used; stationary and ﬂuctuating noise that mainly
result in energetic masking and two-talker babble in Swedish
and two-talker babble in English that also result in informational
masking.
The approach adopted in the present study differs from pre-
vious studies regarding several important aspects. The objective
assessment of non-native language proﬁciency and the extended
within-subjects design applied in the current study allowed us to
sensitively assess the variables explaining interindividual differ-
ences in native and non-native speech perception performance.
As described above, the complex interactions between relevant
factors in non-native speech perception require the assessment
of both external and internal, listener-related factors. The cur-
rent study addressed the roles of (a) non-native proﬁciency as
measured on a continuous, objective scale, (b) working memory
capacity as assessed in the native and non-native language while
(c) using adaptive SRT tests with both energetic and informa-
tional masker signals. The listeners had a relatively wide age-range
while normal hearing was ensured by assessment of the audio-
gram. These factors extend the design of previous studies in this
ﬁeld of research (e.g., Garcia Lecumberri and Cooke, 2006; Brad-
low and Alexander, 2007; Cooke et al., 2008; Weiss and Dempsey,
2008; Broersma and Scharenborg, 2010; Van Engen, 2010;
Brouwer et al., 2012).
We expected that high proﬁciency, large working memory
capacity, and high Raven scores would be associated with bet-
ter speech perception, especially in the most difﬁcult conditions,
which is in line with the ELU-model (Rönnberg, 2003; Rönnberg
et al., 2008, 2013). We predicted that the SRTs would be lower
(better) when target speech is in Swedish than when target speech
is in English. Due to the large masking effect of speech maskers as
observed previously (Brungart et al., 2001; Van Engen and Brad-
low, 2007; Calandruccio et al., 2010), we expected worse speech
perception for the informational maskers compared to the ener-
getic maskers. We also expected larger interference effects for the
linguistically similar maskers (e.g., English maskers for English
target speech) than for the dissimilar maskers (Brouwer et al.,
2012).
MATERIALS AND METHODS
PARTICIPANTS
Twenty-three native Swedish listeners participated, including
13 females and 10 males. The ages ranged from 28–64 years
(M = 49.5, SD = 9.8). Participants were recruited from different
workplaces. The participants ﬁlled out a questionnaire in which
they answered several questions about their knowledge of, train-
ing in and use of English. Their years of education ranged from
11–21 years (M = 15.8). All had learned English, starting from
the third, fourth, or ﬁfth grade in primary school and considered
English as their second language. However, the frequency with
which they actually used English in daily life varied from every day
to never. Pure-tone hearing thresholds of the participants were
measured to ensure the thresholds of both ears were ≤20 dB HL at
the octave frequencies between 125 and 4000 Hz. The participants
had pure tone hearing thresholds of maximal 25 dB HL between
125 and 2000 Hz and of maximal 35 dB HL at 4000 Hz. One
participant had a threshold of 45 dB HL at 4000 Hz in one ear.
All participants provided written informed consent in accordance
with the Ethics Committee. They received a small gift for taking
part.
EXPERIMENTAL TEST AND STIMULI
The SRT test was applied to measure sentence intelligibility under
the inﬂuence of noise (Plomp and Mimpen, 1979). In the SRT
tests we presented Swedish or English target speech.
Speech materials – In the SRT tests, we either applied Swedish
(Hällgren et al., 2006) or American English HINT (Nilsson et al.,
1994) sentences. The HINT material – in both languages – con-
sists of short everyday sentences, which have been judged to be
natural by native speakers. The sentence materials are grouped
into 25 phonemically balanced lists of 10 sentences each. The sen-
tences are recorded by male speakers. Noise onset was 3 s before
speech onset and noise offset was 1 s after speech offset. Partic-
ipants performed eight test conditions; target speech in Swedish
or English orthogonally combined with four types of masker: sta-
tionary noise, ﬂuctuating noise, two-talker babble in Swedish, and
two-talker babble in English respectively (see description below).
Each condition contained 20 sentences and every new condition
involved practice; the ﬁrst with 10 sentences and the following
with 5 sentences each. The order of conditions was counter-
balanced across participants and each sentence was used only
once.
Speech was presented at a ﬁxed level of 65 dB SPL. The partic-
ipants listened to the sentence in noise and responded orally by
repeating the sentence. The experimenter compared the response
with the actual sentence and if each word was accurate, the
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noise level for the next sentence was increased by 2 dB. If the
response was incorrect the noise level was decreased by 2 dB. This
adaptive procedure targets the required to perceive 50% of the
sentences correctly. The SRT was the average signal- to- noise
ratio (SNR) from sentence 5–21. The 21st sentence was not pre-
sented but its SNR was determined by the response to the 20th
sentence.
Stationary noise consisted of the speech shaped noises devel-
oped by Nilsson et al. (1994) and Hällgren et al. (2006). The
spectrum of the noise was shaped according to the long-term aver-
age spectrumof the speechmaterial of the corresponding set (same
procedure for Swedish and English).
Fluctuating noise was constructed by modulating the speech-
shaped noise of the target speech by the envelope of the two-
talker babbles (see below). Theses envelopes were calculated by
extracting the instantaneous amplitude of the babble which was
low-pass ﬁltered with a cut-off frequency of 32 Hz (for details
see Agus et al., 2009). Two modulated noises were used; one was
matched spectrally to the Swedish target speech and temporally to
the Swedish babble and one was matched spectrally to the English
target speech and temporally to the English babble.
Two-talker babble maskers
The Swedish two-talker babble consisted of speech by one native
Swedish female and one native Swedish male. They were read-
ing from articles in Swedish newspapers. The English babble
also contained speech from a male and a female speaker. The
female was a native American English speaker and the male was
a native British English speaker. They were reading from arti-
cles in English/American newspapers. Both the English and the
Swedish two-talker babble maskers were created by mixing the
sound-tracks of the male and female speakers.
The data were collected in one session of ∼3, 5 h. The session
startedwith the audiometric test, followed by the experimental test
andwas ﬁnished after the cognitive tests. The order of the cognitive
testswas counterbalanced. Eachparticipantwas tested individually
and received oral instructions prior to each test. The audiometric
test and the experimental test took place in a sound-attenuated
booth and the cognitive tests in a nearby room. Auditory stimuli
were presented over headphones (Sennheiser HD600).
Tests of relevant capacities
Reading Span. The Reading Span test is a measure of working
memory capacity (Daneman andCarpenter, 1980; Rönnberg et al.,
1989). The participants were presented three-to-ﬁve word sen-
tences, word by word on a screen. The sentences were either
irrational (The pear went out) or made sense (The pupil arrived
late). After every sentence, participants were asked from the screen
to judge whether the sentence made sense or not. They pressed a
button; yes or no, according to their answer. After a sequence of
three, four or ﬁve sentences, the experimenter asked the partic-
ipant to repeat either the ﬁrst or the last words in the previous
sequence of sentences. The total number of recalled words was
scored (maximum score = 23).
Raven. The Raven standard progressive matrices (Carpenter et al.,
1990) is a multiple choice measure of non-verbal reasoning. The
test was used to assess the ability to – among given alternatives –
identify which pattern completes a larger pattern. It includes sets
A–E, and every set contains 12 items. Within each set, the difﬁculty
of the matrices increases and so do the subsets, so each of the
ﬁve subsets is progressively more complex than the previous set.
Participants performed set B–D. Responses were scored according
to the total number of correct items (maximum score = 36).
English test. The English proﬁciency test (http://www.nafs.gu.
se/digitalAssets/1193/1193558_last_exp.pdf) is a standardized,
national test basically developed for students at the gymnasium
level. The test assessed the participants’ comprehension in English.
The test consists of a text and two parts of questions. The ﬁrst part
includes open questions about the text to answer with the par-
ticipants own words. The second part consists of sentences with
one word in each sentence printed in bold. That bold-printed
word should be explained with a synonym at the open end of
each sentence in order to make the sentence complete (maximum
score = 12).
STATISTICAL ANALYSES
First, the descriptive statistics of the SRTs in Swedish and English
in the four noise conditions were calculated. Then, we per-
formed a repeated measures analysis of variance (ANOVA) on
the SRTs with language (Swedish, English) and masker-type (sta-
tionary, ﬂuctuating, two-talker babble Swedish, two-talker babble
English) as within-subject factors. We also assessed the descrip-
tive statistics of the English proﬁciency test, Raven and Reading
Span in Swedish and English. Furthermore we assessed the associ-
ations (Spearman correlation coefﬁcients) between Reading Span
in English and Swedish, English proﬁciency and Raven on the
one hand and the SRTs in Swedish and English on the other
hand. Finally, we performed a repeated measures ANOVA with
within-participant factors language and masker-type and with the
additional between-participant factor English proﬁciency.
RESULTS
The means and standard deviations of the SRTs in the eight differ-
ent conditions are shown in Table 1. When comparing the SRTs in
each condition between target languages, the SRTs in English are
consistently higher. This implies more difﬁculties when the target
speech is in the non-native language.
A repeated-measures ANOVA, testing the main and interaction
effects of language (Swedish and English) and masker type (sta-
tionary noise, ﬂuctuating noise, babble Swedish, babble English)
demonstrated main effects of both factors on the SRT thresh-
olds: Language: F(1,22) = 54.8; p < 0.001 and masker type:
Table 1 | Means and SDs (between parentheses) of the SRTs in
Swedish and English.
SRT-stat SRT-fluc SRT-BS SRT-BE
Swedish target speech −4.6 (0.9) −4.1 (1.5) −0.8 (2.0) −3.4 (2.2)
English target speech −0.5 (2.6) −1.5 (3.5) 2.3 (3.2) 2.6 (3.4)
SRT = Speech Reception Threshold, stat = stationary noise, ﬂuc = ﬂuctuating
noise, BS = Babble Swedish, BE = Babble English.
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F(3,66) = 48.6; p < 0.001, respectively. This means that the SRTs
were better when the target language was Swedish (mean=−3.17)
than English (mean = 0.63). The babble Swedish masker was
the most interfering, followed by the English masker. Station-
ary and ﬂuctuating noises were the least interfering maskers. The
interaction between language and masker type was signiﬁcant,
F(3,66) = 9.58; p < 0.001. The post hoc t-tests (Bonferroni
adjusted for multiple comparisons at the 0.05 level) showed that
when the target was Swedish, the babble Swedish was inter-
fering the most, compared to English babble, stationary noise
and ﬂuctuating noise [t(66) = 5.26, 7.77, and 6.74, respec-
tively; p < 0.001]. When the target was English, the babble
Swedish and the babble English were more interfering than the
stationary noise [t(66) = 5.79, 6.51, respectively; p < 0.001]
and the ﬂuctuating noise [t(66) = 7.77, 8.49, respectively;
p < 0.001]. This shows that when the target was English, the
informational maskers were more interfering than the energetic
maskers.
Table 2 shows the descriptive statistics of the performances on
the English proﬁciency, Raven, Reading Span Swedish andReading
Span English tests.
Table 2 suggests that the mean English Reading Span was lower
than the mean Swedish Reading Span. A paired-sample t-test
showed that English Reading Span was indeed lower than Swedish
Reading Span t(22) = 7.1; p < 0.001.
The signiﬁcantly lower English Reading Span performance
is likely due to lower ability in the English language and not
in working memory per se, as Swedish Reading Span is proba-
bly less inﬂuenced by individual differences in Swedish language
ability.
CORRELATION ANALYSIS
We computed Spearman correlation coefﬁcients between the mea-
sures of cognitive ability, English proﬁciency, Raven, Reading Span
Swedish, and Reading Span English and the SRTs in the eight
conditions. The results are presented in Table 3.
Table 3 shows no signiﬁcant associations between Raven and
any of the SRTs. Swedish Reading Span was associated with one
of the SRTs and English Reading Span was associated with four
SRTs. The signiﬁcant associations are probably based on individ-
ual differences in English proﬁciency rather than performance in
working memory. English proﬁciency was associated with lower
(better) SRTs when the target language was English, but not when
it was Swedish, indicating that English proﬁciency was especially
important when speech perception concerned the English lan-
guage. Age was signiﬁcantly correlated to English proﬁciency and
the SRTs. Thismay suggest that Englishproﬁciency is related to age.
Table 2 | Means and SDs in verbal and non-verbal tests.
Eng proﬁciency 8.2 (3.2)
Raven 31.8 (2.7)
Swe RSpan 14.7 (2.9)
Eng RSpan 11.2 (3.4)
RSpan = Reading Span, Swe = Swedish, Eng = English.
To gain more insight in this issue, we assessed the relations among
the variables when age was controlled for. For this, we performed
a partial correlation analysis. However, the results were similar to
those previously, when age was not controlled for. Therefore, we
conclude that the effect of English proﬁciency was not related to
age.
In order to further assess the relevance of individual differ-
ences in English proﬁciency for English target speech, we divided
the group into two subgroups based on English proﬁciency.
Therefore, we ﬁrst calculated the median English proﬁciency
score which was 9. Participants with English proﬁciency below
9 were grouped into the “low English proﬁciency group” (n = 11,
mean = 5.36, SD = 2.04) and participants with English pro-
ﬁciency above 9 were in the “high English proﬁciency group”
(n = 10, mean = 11.05, SD = 0.90). See Figure 1. Two partic-
ipants with the median score of 9 were excluded from further
analyses.
To examine how the frequency with which the participants
use English affected English proﬁciency, we checked the different
frequency variables against the high (H) and low (L) English pro-
ﬁciency groups. The results were as follows; “Daily (3 H, 1 L),”
“Every week (5 H),” “Every month (2 L),” “Every year (2 H, 3 L),”
“Holidays (4 L),” and “Never (1 L).” The results generally indicate
that daily or weekly use of English, probably improve performance
in this non-native language, however we cannot be conclusive as
regards causality.
We again performed a repeated measures ANOVA with the
within-participant factors language and masker type but with the
additional between-participant factor English proﬁciency group
(high and low proﬁciency).
The main effects of language and masker type were similar as
described above (results of the ﬁrst ANOVA analysis). The main
effect of English proﬁciency was not signiﬁcant F(1,19) = 3.68;
p = 0.07. The ANOVA showed an interaction effect between lan-
guage and English proﬁciency group: F(1,19) = 30.3; p< 0.001. The
post hoc t-tests indicated that the high English proﬁciency group
performed better than the low proﬁciency group when the target
was English, t(19)= 3.40; p< 0.001 but not Swedish, t(19)= 1.14;
p = 0.13.
There was no interaction effect between English proﬁciency
group and masker type F(3,57) = 1.22; p = 0.312
DISCUSSION
This study examined how English proﬁciency affected native and
non-native speech perception under energetic and informational
maskers. The assessment of external as well as internal, listener-
related factors allowed us to examine which variables explained
intra- and interindividual differences in native and non-native
speech perception performance.
The main result of the study is that the individuals’ English
proﬁciency level considerably affects speech recognition in noise.
This ﬁnding was revealed by the new approach with focus on
proﬁciency and the extended design of the study. For English
(non-native) target speech, the SRTs were substantially lower (bet-
ter) for high English proﬁciency-listeners as compared to listeners
with lower English proﬁciency levels. This effect of English lan-
guage proﬁciency did not emerge for Swedish target speech. As
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Table 3 | Spearman correlation between several test outcomes/abilities and the SRTs in the eight conditions.
Swedish target speech English target speech
Stat Fluc BS BE Stat Fluc BS BE
Eng proﬁciency 0.01 0.38 −0.06 0.31 −0.60** −0.48* −0.65** −0.51*
Swe Reading Span 0.42* 0.30 0.13 0.37 −0.29 −0.26 −0.35 −0.35
Eng Reading Span 0.00 0.20 −0.42* −0.11 −0.42* −0.40 −0.44* −0.58**
Raven 0.26 0.05 −0.08 0.23 −0.24 −0.11 −0.08 −0.22
*p < 0.05; **p < 0.001. Stat = Stationary noise, Fluc = Fluctuating noise, BS = Babble Swedish, BE = Babble English, Eng = English, Swe = Swedish.
expected, the listeners achieved lower (better) SRTs when the tar-
get speech was native. We also predicted that the informational
maskers should interfere more with perception than the energetic
maskers. Indeed, in English (non-native) as target speech, the
performance was worse for the informational maskers (i.e., the
two-talker babbles) compared to the energetic maskers (ﬂuctu-
ating noise and stationary noise). In Swedish (native) as target
the babble Swedish was interfering more than the English bab-
ble, stationary noise and ﬂuctuating noise. The interference from
language maskers replicates previous work (Van Engen and Brad-
low, 2007; Calandruccio et al., 2010). These studies have found
that the language of the maskers might interfere with the intel-
ligibility of the target speech. The difﬁculties may be explained
in different ways. It is possible that the difﬁculties are (a) due
to the intelligible words in the masker (Hoen et al., 2007; Van
Engen and Bradlow, 2007), or it is possible that the difﬁculties
are (b) due to linguistic similarity between the target and the
masker (Brouwer et al., 2012), (c) or both. The current study sug-
gests that the effect of target language and the intelligibility of
the masker speech are mediated by the individuals’ ability to per-
ceive non-native speech, as non-native proﬁciency interacted with
masker type and target language. For Swedish as target speech,
both groups performed better in the English babble masker com-
pared to the Swedish babble masker. However, the low proﬁciency
group received the largest release of masking from the English
babble, possibly due to their low proﬁciency in English and thus
reduced understanding of the masker speech, which made it easier
to suppress.
An interesting fact is that the SRTs of the lowEnglish proﬁciency
group for English target speech with both English and Swedish
speech maskers were similar to their SRTs in ﬂuctuating noise.
This indicates that when it is relatively difﬁcult to identify the
interfering speech, the interference is similar to that imposed by
energetic noise. If the language of the speech is unfamiliar, there
remains nothing but a ﬂuctuating masker similar to an energetic
noise masker. This shows the relevance of including both speech
and noise maskers.
The interaction effect between English proﬁciency and lan-
guage, indicated that for English target speech, the low proﬁciency
group performed signiﬁcantly worse in the babble maskers com-
pared to the high proﬁciency group. Also, the low proﬁciency
group performed at a similar poor level in both English and
Swedish babblemaskers (see Figure 1). Comparable performances
in both the native and non-native babble maskers were also
FIGURE 1 |The mean SRTs for the high and low English proficiency
group in each of the eight conditions. Error bars reﬂect standard
deviations
observed for the highly proﬁcient group, but at considerably lower
(better) SNRs (see Figure 1).
We did not observe a main effect of language proﬁciency sub-
group. This indicates that the inﬂuence of language proﬁciency
depends on masker and target speech characteristics, and does not
in itself constitute a general superiority of the high-proﬁciency
group to understand speech in general. The present results demon-
strate the importance of taking into account language proﬁciency
when assessing speech perception performance.
The current ﬁnding that listeners in non-native target condi-
tions performsimilarly for native andnon-native speechmaskers is
consistent with the study of Garcia Lecumberri and Cooke (2006)
but contrasts with Van Engen (2010) and Brouwer et al. (2012).
In Van Engen (2010), when target speech was English, the non-
native Mandarin-speaking participants had larger difﬁculties in
the English babble than in the Mandarin babble. In Brouwer et al.
(2012), non-native Dutch listeners perceived a non-native target
(English) better when the masker speech was native (Dutch) as
opposed to non-native masker. The task (sentence-recognition)
and the masker speech (two-talker babble) were comparable in
the current and previous studies. Therefore, the differences in
the results can possibly be attributed to different characteristics
of the participants in the studies. First, the listeners’ proﬁciency
in the non-native language differed between the studies. In Van
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Engen (2010), the Mandarin-speaking participants had previously
attained a university-based general proﬁciency test. Additionally,
before they took part in the study, they rated their proﬁciency
on a scale from 0 to 10. The mean rating of 6 indicates “slightly
more than adequate” (Van Engen, 2010). The non-native listeners
in Brouwer et al. (2012) were assumed to have relatively high non-
native language proﬁciency. In the present study, we objectively
assessed individual differences in non-native language proﬁciency
and we observed that the listeners varied considerably in this abil-
ity. The present study underscores the relevance of proﬁciency in
a second language for speech perception. Therefore, differences in
the proﬁciency level of the listeners included in our study versus
previous studies may have played a role. Secondly, the age-range
of the listeners was wider in the current as compared to previous
studies. This may have resulted in more interindividual variance
in the SRTs, and poorer SRTs overall.
InCooke et al. (2010), eight listener groupswith different native
languages identiﬁed consonants in a competing speech masker,
speech-shaped noise and speech-modulated noise. Most of the
listener groups performed relatively poor in the conditions with
competing speech. The impact of themasker speechwas associated
with self-rated non-native language proﬁciency. This indicates
that language proﬁciency affects the ability to ignore competing
speech. Additionally, the adverse impact of a competing speaker
was smaller for listeners who performed well overall. To resist or
inhibit competing speech is an ability that seems to go with being
bilingual – in the sense of being raised as a bilingual. According to
Bialystok (2001) and Bialystok et al. (2004) bilingualism improves
inhibition control. The constant exercise in suppressing either lan-
guage develops the ability to ignore distracters, not only for other
languages, but also other types of irrelevant stimuli. Although
speculative, in the present study for English as target speech, we
consistently observed that the subgroup with high non-native lan-
guage proﬁciency was better to inhibit each type of masker signal
as compared to the subgroup with low English proﬁciency.
For the low proﬁciency group, the process of decoding the non-
native speech in noisy conditions was probablymore effortful than
for the high proﬁciency group. In the present study, we observed
a relation between English Reading Span and the four SRTs with
English target speech. This association is probably basedon the fact
that in each of these tests, the target language was English. This
is supported by the fact that the relationships between Swedish
Reading Span test and the English SRTswere somewhatweaker.We
suggest that the importance of both English proﬁciency and work-
ing memory capacity for performing the English Reading Span
test makes it a slightly better predictor of the English SRTs than
the Swedish Reading Span test for either the Swedish or English
SRTs. Like the English Reading Span test, the Swedish test may
have been sensitive to differences in Swedish proﬁciency. How-
ever, we assume that in this group of Swedish native speakers,
this has not played a role. Better performance on the Swedish
Reading Span test was however associated with worse SRTs in sta-
tionary noise for Swedish target speech. We did not expect this
relationship. Inspection of this association indicated that the rela-
tion was mainly driven by the result of one listener with a relatively
poor SRT in stationary noise and goodReading Spanperformance.
Raven was not associated with any of the SRTs, presumably due to
the non-verbal nature of the test. However, the results need to be
interpreted cautiously due to the large number of correlations and
the small sample size.
The present study focused on different aspects that might inﬂu-
ence speechperception in anon-native languageunder challenging
conditions. For a better understanding of this complex process
both external and internal factors were taken into account. Inter-
nal or listener-related factors that we assessed included cognitive
abilities like working memory and proﬁciency in a non-native lan-
guage. The merits of this study, compared to previous ones are:
(a) the focus of proﬁciency in the non-native language (b) appli-
cation of a standardized test of English proﬁciency measured on
a continuous, objective scale (c) a wide age-range (d) the applica-
tion of a within-subjects design while using e) SRT-tests for four
different masker types, with each participant being tested in both
target languages.
This study attests to the importance of individual, objective
assessment of non-native language proﬁciency as it affects speech
perception in a non-native language. Previous studies have also
indicated that working memory predicts speech perception in
challenging conditions (e.g., Akeroyd, 2008; Rönnberg et al., 2008,
2010). However, the current data do not indicate strong associ-
ations between working memory (here measured with Reading
Span tests) and speech perception in a non-native language. More
research is required that explores these association in larger sample
sizes.
In conclusion, we observed that non-native language proﬁ-
ciency to a large extent inﬂuences speech perception in noise.
The study has provided evidence in support of the prediction
that informational maskers affected speech intelligibility more
than energetic noise maskers. The SRTs were lower (better) when
the target language was native compared to target speech in the
non-native language. We observed interactions between the target
language, the language of the interfering speech and proﬁciency
in the non-native language. This ﬁnding suggests that in difﬁ-
cult listening conditions including non-native target speech that is
masked by interfering speech, high proﬁciency in the non-native
language is an apparent advantage.
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